Abstract: This paper investigates relationship between information communication technology (ICT), economic growth and electricity consumption using data of UAE over the period of 1975-2011.We have tested the unit properties of variables and the Bayer and Hanck combined cointegration approach for long run relationship. The innovative accounting approach is applied to test the robustness of the VECM Granger causality findings. Our empirical results confirm the existence of cointegration between the series. We find that ICT adds in electricity demand but electricity prices lower it. Income growth increases electricity consumption. The non-linear relationship between ICT and electricity consumption is an Inverted U-shaped. The causality results reveal that ICT and electricity prices Granger cause electricity demand. The feedback effect exists between economic growth and electricity consumption.
however, ICT is also considered as a source of energy consumption. Walker (1985) for instance, pointed out that as economies moves toward greater use of Information Technology (IT), overall energy demand would tend to decrease, extensive usage of IT will however, add to electricity's importance in an economy. In addition, the relationship between environment and ICT is multifaceted and complex, since ICT accounts both positive and negative roles. On positive note,
ICT Impacts transport and travel substitution dematerialization and online delivery, greater energy efficiency in production and use, product stewardship and recycling and, a host of monitoring and management applications. On negative side, ICT does affect energy consumption used directly and for cooling, short product life cycles and e-waste, energy consumption and the materials used in the production and distribution of ICT equipment, and exploitative applications such as remote sensing for unsustainable over-fishing (Daly, 2003) .
The ICT industry has developed very swiftly over the past two decades with the pervasive adoption of the internet, cell phones and digital computers. With the emergence of new technologies in ICT, old technologies (e.g. Smart phones and personal computers) are being replaced, which let users watch streaming videos and surf internet. These kinds of technologies propel positive network effect on users and allow users to share pictures, data and video, such activities, however increase the demand for electricity. To manage smooth operations ICT industries depend heavily on gigantic data centers, electricity-consumingnetwork ofsemiconductors and communication towers (Sadorsky, 2012 6 shows that approximately all residents use a mobile phones and 85% population regularly uses the internet. In the use sub-index which capture ICT intensity, UAE record significant progress. The penetration has reached to 51% in 2012 against the 22% of previous year. consumption is an inverted U-shaped. We find that ICT Granger causes electricity consumption. The relationship between ICT and energy consumption is timely and important subject that is infrequently examined and most of the previous work on this subject is carried out on developed economies data (Sadorsky, 2012) . This section reviews some selected previous literature on ICTenergy consumption and ICT-economic growth nexus. Romm, (2002) examined the energy usage intensity of ICT sectors in United States by comparing the Pre-Internet period (1992) (1993) (1994) (1995) and internet period (1996) (1997) (1998) (1999) (2000) and noted that ICT sector are less energy demanding as compared to manufacturing sectors. Romm, (2002)exposed that United States energy consumption and GDP increased yearly at average rate of 1% and 4% respectively in the internet era as compared to 2.4% and 3.2% respectively in pre-internet era. Two different effects are 
II. Literature Review

II. Model Construction, Methodological Framework and Data Collection
We explore the relationship between ICT and electricity consumption by incorporating electricity prices and economic growth in electricity demand function using data of United Arab
Emirates over the period of 1975QI-2011QIV. The general discussion in existing energy literature leads us to use a general electricity demand function as following: 7 Denmark, Finland, France, Germany, Italy, Spain, and UK ) , , (
We have transformed all the series into logarithm to make the model estimable. The estimable empirical equation is modeled as following: In the time series analysis, series are apparently integrated if two or more series are individually integrated. To address the cointegration phenomenon, several techniques have been developedin 8 We have generated an index of ICT using Principle Component Analysis. The data is available from authors upon request. 9 We have converted all the annual series into quarterly data to avoid the problem of degree of freedom and efficient empirical results. We used quadratic match sum method to transform all the variables into quarter frequency following Romero, (2005) 
Where
and BDM p are the p-values of individual cointegration tests respectively.
The conclusion of having information on cointegration is based on the estimated Fisher statistics.
If critical values provided by the Bayer and Hank (2013) are less than the estimatedFisher, the null hypothesis of no cointegration is rejected.
After having information on cointegration relationship between the variables, we used the Granger causality approach to examine the causality between the variables. We used vector error correction method (VECM), following existence of cointegration between the variables by the following matrix formulation. 
III. Results and their Discussions
Primarily we have applied the Ng-Perron unit root test to avoid the problem of spuriousness.
Standard cointegration approaches require information about the unit root properties of the variables.Traditional unit root test such as ADF, DF-GLS and PP provide ambiguous results once data span is small. Ng-Peroon unit root test provides consistent and efficient results and suitable for small data set. The results of Ng-Peroon unit root test are reported in Table- We choose lag order 6 following the minimum value of Akaike information criterion due to its superior properties. The results are reported in Table- 2. The marginal contribution of ICT, electricity prices and economic growth to electricity demand is reported in Table- The term is significant at the 1% level (lower segment of Table-4), which suggests that short run deviations in electricity consumption are corrected by 2.91 per cent every quarter towards long run equilibrium and may take 8 years and 6 months to reach stable long run equilibrium path.
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The VECM Granger Causality Analysis
There must be uni-or bidirectional causality between/ among the series if cointegration is confirmed. We examine this relation within the VECM framework. Such knowledge is helpful in designing appropriate energy and ICT policies for sustainable economic growth.The causality results are reported in Table-5 . In long run, the unidirectional causality is found running from information communication and technology (ICT) to electricity consumption. Electricity consumption is also Granger cause of electricity prices. The feedback effect is found between electricity consumption and economic growth. The unidirectional causality is also found running from ICT and electricity prices to economic growth. The short run causality results note that ICT Granger causes electricity consumption and the bidirectional casual relationship is found between electricity prices and ICT. ICT and electricity prices Granger cause economic growth.
The neutral effect exists between ICT and economic growth. The joint causality analysis also confirms our long-short runs casual results. The main advantage of this approach is that like orthogonalized forecast error variance decomposition approach; it is insensitive with ordering of the variables because ordering of the variables is uniquely determined by VAR system. Further, the generalized forecast error variance decomposition approach estimates the simultaneous shock effects. Engle and Granger, (1987) and Ibrahim, (2005) argued that with VAR framework, variance decomposition approach produces better results as compared to other traditional approaches. The results of variance decomposition approach are described in Table- The impulse response function is alternative to variance decomposition method shows how long and to what extent dependent variable reacts to shock stemming in the independent variables (see Figure-3 ). The results indicate that the response in electricity consumption due to forecast error stemming in ICT initially rises, goes to peak and then starts to decline after 7 th time horizon. This presents an inverted U-shaped between electricity consumption and ICT. The contribution of economic growth and electricity prices to electricity consumption is negative. ICT responds positively but negatively electricity consumption, economic growth and electricity prices (after 3 rd time horizon). The response in economic growth is also an inverted U-shaped and same inference is concluded for economic growth and ICT. Electricity prices contribute negatively after 1 st time horizon. The response in electricity consumption is positive and negative due to forecast error in electricity consumption (after 8 th time horizon), ICT and economic growth (after 4 th time horizon).
V. Conclusion and Policy Recommendations
This paper investigated the relationship between information communication and technology, and electricity demand by incorporating electricity prices and economic growth in case of UAE over the period of 1975Q1-2011QIV. We have applied Ng-Perron unit root test to examine the stationarity properties of the variables. The combined cointegration developed by Bayer and Hanck is used to test whether cointegration exists among the series. Our results reveal that variables are cointegrated. ICT adds in electricity consumption. Electricity prices decline electricity demand. Economic growth lowers electricity consumption. The non-linear relationship between ICT and electricity consumption is inverted U-shaped. The causality analysis expose that ICT Granger causes electricity consumption and same is not true from opposite side. Electricity prices Granger causes ICT and economic growth. The bidirectional causal relationship is found between electricity consumption and economic growth.
Our results indicate that electricity consumption is Granger cause of ICT which suggests the deployment of energy efficient technologies and smart ICT infrastructure network grid on urgent basis. Energy efficientICT infrastructure not only lowers energy (electricity) intensity but also saves environment from degradation. The adoption of electricity conservation policies is suitable tool because electricity consumption Granger causes economic growth and in resulting, economic growth Granger causes electricity consumption. Any reduction in electricity supply will not only harm economic growth and electricity demand is also declined as results of decline in economic growth. The causality running from ICT to economic growth further shows the importance to enhance R & D for energy efficient technologies and smart ICT infrastructure in the case of UAE.
